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ABSTRACT

BACKGROUND: Deviation from Optimum Percentage (DOP) Method is one of the most
prominent procedures in order to evaluation of almond nutritional balance.

OBJECTIVES: The aims of current research were to determine the nutritional require-
ment of almond orchards on saman area of Chaharmahal va Bakhtiari Province.
METHODS: In order to evaluation nutritional balance of almond trees, an experiment was
designed utilizing the Deviation from Optimum Percentage (DOP) technique. This was
conducted in the orchards of Zayandehroud River with a length of 60 km, and an infor-
mation database was accommodated. In current research, 36 gardens were selected and the
leaf samples were prepared. The selected leaf samples were deterged and squelched for
proving ground analysis. The high yield orchards were selected to provide reference data at
the end of growth period and on this subject, 30% of high yield gardens were chosen.
RESULT: The DOP indicators were evaluated and the nutritional requirements arrange-
ment was assigned. The findings revealed that the trees nutritional requirements were in the
following order: Cu>S>Zn>Mn>P>Ca>Mg>B>N>K>Fe>Mo.

CONCLUSION: The final repercussions exhibited that among the considered nutrients,
the highest and least nutrient shortage was dedicated to copper and molybdenum, respec-
tively.

KEYWORDS: DOP, Almond Gardens, Nutrition, Chaharmahal va Bakhtiari Province,
DRIS method.
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1. BACKGROUND

The exports of each kilogram of al-
monds resulting the earning of 15$ by
the country, indicating its importance to
the economy. Investment, planning for
the development of the area under culti-
vation and increasing its production are
necessary. Although, Chaharmahal va
Bakhtiari province is one of the coun-
try's top provinces for almond cultiva-
tion from the view point of land under
cultivation and almond production, it is
one of the provinces most prominent for
its less development, and optimal
productivity of this situation requires
planning and organizing more purpose-
ful from planting to harvesting. Cha-
harmahal va Bakhtiari province has
been placed as one of the most promis-
ing areas for cultivation and production
of almonds. Due to its privileged loca-
tion, suitable weather conditions, water
resources, the existence of susceptible
land for gardening and rural population
as manpower in high-altitude areas, the
province is considered as having the
potential capacity to produce almonds.
In this area, soil texture is generally
lightweight and there is a rapid dis-
charge of nutrients from these soils.
Natural complications, steepness and
low soil depths, autumn and winter rain-
fall, calcareous soil and nutritional
problems caused by high pH affect the
usability of some elements, especially
low-energy elements and diseases
caused by nutritional problems and soil
fertility are justified by a comprehen-
sive study that determined the nutrition-
al priorities of the almond trees in this
area (Schumann, 2009). The most
commonly used methods to examine the

plant and soil nutritional status are the
visual symptoms of deficiency of the
elements on the plant, plant analysis,
biological tests, the use of plants or
some microorganisms, and soil tests
(soil chemical analysis) (Jone, 1998).
One of the problems that exist in the
interpretation of the results of plant
analysis is the balance between nutri-
tional elements. In some cases, the pro-
portion of elements in plant tissue is
used to study the nutritional balance.
The ratio of some of the nutritional el-
ements that the anti-interactions are
more known between them includes
N/S, K/Mg, Ca+Mg/K and N/P clarify.
Moreover, given the little knowledge on
these interactions, the relationship be-
tween these ratios and the plant's func-
tion has not been very helpful. The ma-
jor methods for the interpretation of the
obtained results of plant analysis in-
clude critical concentration sufficiency
range, the diagnosis and recommenda-
tion integrated system (DRIS) method,
and deviations from optimal percent-
ages (DOPs) (Walworth and Sumner,
1987). In the methods of critical con-
centration and adequacy range (suffi-
ciency range), the deficiency or surplus
content of an element is determined by
taking into account the standard concen-
trations. If the element concentration is
lower than the standard values, the plant
is deficient and it is expected to have a
reduced yield (Havlin et al., 1999). In
the DRIS method, the interpretation of
leaf results does not depend on the age
of physiology and on the site of sam-
pling. It hence differs from the methods
of critical concentration and adequacy.
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In fact, in the DRIS method, instead of
the absolute composition of the ele-
ments, the ratio between them is used
for the determination of the nutritional
status of the plant at each stage of
growth and fertilizer application is rec-
ommended (Beaufils, 1973). One of the
advantages of using the ratio of the el-
ements is that it does not depend on the
age of the plant, and the ratio of the el-
ements remains constant when the abso-
lute concentration of the elements in the
organs of the plant changes during
growth. Another advantage of this
method is that the effect of dilution does
not affect the results. In DRIS method,
in addition to the determination of the
deficiency or excesses, the relative bal-
ance between nutritional elements and
the order of the nutritional needs of the
plant is expressed quantitatively. Gen-
erally, in the DRIS method, there is a
possibility of detecting the nutritional
status at each stage of plant growth
(Mourao Filho, 2004). One of the prob-
lems with this method is the determina-
tion of the reference values.Another is-
sue is that in DRIS method, the indices
and the calculated numbers based on
available norms do not specify deficien-
cy or surplus of a particular element,
but only indicate that the relevant ele-
ment is lower or higher insufficiency
range than other elements (Bhargava
and Chadha, 1988). In contrast, the
simple method of DOP was developed
which, like the DRIS method, is used to
calculate an index for each nutrient el-
ement and to identify them as positive,
negative or zero numbers and to deter-
mine the deficiency or surplus or proper
concentration of the nutrient element in

the plant, respectively. In this method,
the most negative index is the limiting
factor in plant nutrition, and the order of
the need will be from the negative to
positive index. In addition, by calculat-
ing the total absolute value of DOP in-
dicators in this method, the severity of
exiting balance can be seen. In this case,
the zero number represents the state of
balance and the larger the number be-
comes, the greater the distortion from
balance state (MouraoFilho, 2004).
Many researchers have identified DOP
indices for different crop and garden
plants, for example reference can be
made to the DOP indices in Cherry (Ji-
mens et al., 2007) in determination of
the DOP indices in white seedless
grapes. According to the results, DOP
in all low yielding vineyards were much
larger than zero, which is not a sign of
the balance of absorbed nutrients in
vineyards (Davee et al., 1986). The
DOP for low yielding gardens in grapes
was calculated. The results showed that
all the gardens with relatively low
yields had a non-balance nutrient status
and deficiency of iron in 91%, manga-
nese and copper in 82%, potassium in
67%, zinc in 59% and boron in 54.5%
of these gardens which are predictable
(Hartz et al., 1998).In a study compar-
ing DRIS method and DOP on vine-
yards in West Azerbaijan, the results
showed that the nutrient balance indica-
tors of DRIS and DOP in all low-yield
vineyards were significantly greater
than zero, which indicated a lack of bal-
ance of absorbed nutrients in vineyards.
The comparison of DIRS and DOP in-
dices (norms) for elements with low and
deficient elements showed that in both,
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magnesium and zinc elements were the
most negative indicators which sug-
gested a high similarity between the two
methods in interpretation of the results
of plant analysis (Davee et al., 1986). In
a study on Golestan province's Peach
gardens, the results showed that the
method of DOP is new and the most
recent model in comparison with the
comprehensive diagnosis and recom-
mendation of fertilization method in the
interpretation of leaf analysis and its
index for each nutrient element is simp-
ly calculated. In this research, DOP for
low-yield gardens were calculated. The
results showed that the average nutri-
tional requirements of peaches in these
gardens are P>Ca>Mn> K> Fe> Cu>
Zn> Mg> N (Sharma et al., 2012). In
another study on the DOP method in the
Sisakht area of Kohgiluyeh and Boyer-
Ahmad Province, the results showed
that, except in few cases, the elements
are either in deficiency or excess condi-
tion. The results also showed that there
are vast areas of nutrient deficiency in
some gardens and excess in others. For
example, copper concentrations range
from 3.29 to 26, manganese concentra-
tions range from 26 to 173, and boron
concentrations range from 18.3 to 67.4
mg.kg'1 in dry leaves of different gar-
dens. This has led to deficiency of an
element in one garden, while the excess
of that element in the other garden is
problematic. On the other hand, it was
shown through calculations, that there
was no nutritional balance in any of the
poor yield in gardens and this nutrition-
al imbalance was the most important
factor in reduction of the gardens' yield
(Sumner, 1986). The purpose of this

study is to study the nutritional status of
almond trees in Chaharmahal va
Bakhtiari province using the DOP, and
determination of the order of nutritional
needs and diagnosis of the limiting fac-
tor with the help of these indices.

2. OBJECTIVES

The aims of current research were to
determine the nutritional requirement of
almond orchards on saman area of Cha-
harmahal va Bakhtiari Province.

3. MATERIALS AND METHODS

In order to determine the balance of
nutrients in almond trees using devia-
tions from optimum percentage, a 2-
year experiment was carried out in al-
mond gardens in the banks of Za-
yandeh-Rood River and in a 60-kmlong
path in Chaharmahal va Bakhtiari prov-
ince. A database of the results of soil
and plant analysis using this method
was randomly obtained from the gar-
dens in this region. In this study, 36
gardens of banks of Zayandeh-Rood
River were selected and the samples
were collected in July. The longitude
and latitude of the selected gardens are
shown in Table 4. In each sampling
unit, the age, stipe (bases) and the varie-
ty of trees were the same, and the leaves
were prepared from the non-
fructification twig of the same year with
the petiole of the leaf.The plant samples
were prepared after washing and drying
and they were grinned and prepared for
laboratory analysis. The total nitrogen
was measured using Kjeldahl method.
Spectrophotometer, photoelectric flame
photometer and atomic absorption were
used for the extraction of phosphorus,
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potassium, calcium and magnesium
concentrations. For determination of the
concentration of zinc, manganese, iron
and copper after extraction, the atomic
absorption  (spectroscopy) apparatus
was used (Beyton et al., 1990). All the
samples were divided into two groups
of high and low yields based on the ap-
parent growth status of the plant and its
yield (Brack et al., 2002; Montas et al.,
1993). The selection of high yielding
gardens is based on maximum yields
from gardens sampled at the end of the
growing season and the consideration of
30% of the gardens sampled as high-
yielding gardens. The deviation index
of the optimum percentage for different
elements and for the low-yielding gar-
dens were calculated and these indices
were indicated as positive, negative or
zero numbers, which is a process of de-
ficiency, excess and balance of the ele-
to specify the deviation index of the op-
timum percentage of each element for
low yield gardens, the following rela-
tionships were used (Equ.1):

DOP = [%”ﬂ —100 (D)

ref

Where, C: the concentration of the nu-
trient element in the sample being ex-
amined, Crs: optimum concentration of
the nutrient element. In this study, mean
values for element concentration data in
high yielding samples were used as ref-
erence values to calculate the DOP indi-
ces. Using the calculated indices, the
order of the nutritional needs of the gar-
dens was determined by the different
nutrient elements and the limiting nutri-
ent elements (the most negative index)

ments in the plant, and using variance
ratio of the two groups of determined
norms, the coefficient of variation of the
group with high yield and the chemical
composition of the leaves of these gar-
dens was obtained. After determination
of the deviation index from the opti-
mum percentage, the order of the nutri-
tional elements and the nutrition-
al balance indices for the selected gar-
dens of the low yield group were calcu-
lated based on the index of the deviation
from the optimum percentage, regard-
less of their sign (Biofiles, 1973; Mong
and Colleagues, 1995). The balance of
nutrients showed a balance or lack of
nutritional balance in the garden. When
this index is zero, the feeding of the
garden is balanced, and when it rises
from zero, the plant also fails to have
the nutritional balance, and this imbal-
ance  reduces the  performance.
of yield were specified (Beyton et al.,
1999).

In addition, using the following equa-
tions, the balance index was calculated
for each element and the results were
also compared in each method (Eq2.).
Where, B is the balance index, X: the
concentration of the element in the
sample, S: the standard concentration or
the mean of concentration of the nutri-
ent element in the samples with high
yield and V: the coefficient of variation.

p="%.1v(1-%)

)

4. RESULT AND DISCUSSION

The mean, coefficient of variation and
standard deviation of nutrient concen-
trations in high yield leaves are shown
in Table 1.
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The mean concentration of nutrients in
these gardens was used as standard val-
ues to calculate the deviations from the
optimum percentage (Montanes et al.,
1993). Table 2 shows the deviation of
the percentage of optimum percentage
indices and the order of nutritional
needs of almond trees. As shown, the
indices are positive, negative or zero
numbers. The zero number represents
the optimum concentration state. Posi-
tive and negative numbers represent re-

spectively, excess and deficiency of the
element. As shown in the results pre-
sented in Table 2, the average DOP in-
dex for nitrogen was obtained as 3.43,
phosphorus as 2.22, potassium as6, cal-
cium as 1.68, magnesium as 2.11, sulfur
as 8.89, copper as 15.42, zinc as 7.94,
iron as 6.1, manganese as 5.73, molyb-
denum as18.06 and boron as2.94. Based
on the results of this study, the elements
range in the order:

Cu>S>Zn>Mn>P>Ca>Mg>B>N>K>Fe>M

Table 1. Mean coefficient of variation and standard deviation of nutrient concentration in leaves

of almond trees with high yield

Element Unit Mean coefficient of variation standard deviation
N% % 2.11 28.96 0.611
P% % 0.27 14.79 0.04
K% % 1.85 18.21 0.336
Ca% % 2.04 13.62 0.278
Mg % % 0.71 18.77 0.132
S % 0.27 29.19 0.078
Cu mg/kg 15.84 21.2 3.359
Zn mg/kg 24.94 25.13 6.268
Fe mg/kg 89.89 12.22 10.986
Mn mg/kg 67.25 30.43 20.468
Mo mg/kg 0.36 31.95 0.114
B mg/kg 27.29 42.37 11.563

Table 2. Mean concentration of nutrients and DOP index in almond leave

Mean Dris Value Mean Concentration Value Unit Element
-15.42 13.4 (mg.kg-1) Cu
-8.89 0.25 (%) S
-7.94 22.96 (mg.kg-1) Zn
-5.73 63.04 (mg.kg-1) Mn
-2.22 0.26 (%) P
-1.68 2.01 (%) Ca
2.11 0.73 (%) Mg
2.94 28.09 (mg.kg-1) B
343 2.18 (%) N

6 1.96 (%) K
6.10 95.37 (mg.kg-1) Fe
18.06 0.43 (mg.kg-1) Mo

Copper, sulfur, zinc, manganese, phos-
phorus, calcium and magnesium had the
highest to the least deficiencies, and bo-
ron, nitrogen, potassium, iron and mo-
lybdenum had the least to the highest

excesses in the gardens of the area un-
der study. Table 3 shows the concentra-
tion of different nutrients in low yield-
ing leaves of the trees.
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Table 3. Indicators of the DOP and their absolute value in the studied gardens with low yield

Gardens Yield Dop- Dop-B Dop- Dop- Dop- Dop- Dop-S Dop- Dop-Ca Dop-K Dop-P  Dop-N
kg Mo Fe Mn Cu Zn Mg
1 2000 -25.00 2.46 47.00 2574 3390 -2037  -29.63 -8.45 8.33 3297  -11.11 59.24
2 3500 72.22 9.12 -5.93 -1838  -3598  -33.64 -37.04 19.72 18.14 36.76  -14.81 41.71
3 2050 100.00 73.65  -11.10 -18.54  -29.04 18.81 -33.33 0.00 -2.94 3568 2593 40.76
4 2150 278 44.92 56.99 4.92 12.88 64.88  -22.22 9.86 22.06 16.76 -3.70 59.24
5 870 15556  -34.55 57.04 12.71 -10.92  59.22 4444 -16.90 23.04 5027  -18.52 52.13
6 3700 36.11 -24.29 81.50 39.06 -4.42 -19.33 -7.41 -30.99 -12.75 37.84 0.00 41.23
7 3700 58.33 2.16 <2333 22,62 -47.92 19.81 -33.33 -12.68 8.33 2486  -14.81 64.93
8 1600 8.33 47.49 37.01 37.62 12.63 -2831  -33.33 -56.34 -7.84 8.65 -14.81 42.65
9 1150 138.89 -10.63 57.04 50.86 4.48 -2598  -29.63 -11.27 -9.80 55.68 -3.70 40.76
10 2440 75.00 27.34 -2.70 11.35 -53.03  -23.50  -37.04 -14.08 12.25 5.95 -29.63 0.00
11 800 255.56 92.23 72.50 3552 -51.64  -17.60 -7.41 -50.70 14.71 48.11 -29.63 10.90
12 3750 2222 41.15 17.24 19.73 23472 2847  -48.15 -30.99 -7.35 31.89 3.70 42.65
14 2100 -8.33 -32.03 29.66 13.59  -56.63 -3.65 -29.63 -28.17 10.29 -3.24 18.52 4.74
15 3200 36.11 -27.19  -1061  -1020  -31.12  -23.74  -22.22 -42.25 343 -1.08 33.33 14.22
16 3800 30.56 48.99 3476  -16.57 6.94 23372 -29.63 249.30 8.33 60.00  -22.22 36.02
18 2560 -47.22 -31.26  -10.96 0.94 13.13 16.32 11.11 -7.04 -13.73 -7.03 7.41 -17.54
19 3150 -16.67 -4.40 23.04  -10.29 991 14.72 25.93 -11.27 -5.39 -1459  22.22 -19.91
21 3850 -33.33 3.11 6.44 -1826 2191 9.98 29.63 -2.82 -12.25 -10.27 14.81 -1043
22 3750 -38.89 14 0.52 -6.11 28.47 28.9 33.33 11.27 -13.37 -10.81 2222 15617
23 3600 41.67 -13.59 7.4 -13.99  21.97 -87.61 -3.70 11.27 -6.86 -3.78 22.22 -2.84
24 3650 -19.44 -7.22 -9.68 4.12 2.75 8.42 11.11 16.90 -11/27 -9.19 14.81 -26.54
25 3800 -30.56 -30.52 2275 -12.39 16.35 18.16 0.00 1.41 -17.65 -7.03 14.81 -16.59
29 1490 -30.56 18.18  -56.70  -13.20 -42.68 -15.12 741 26.76 -3.43 -13.51 0.00 -41.23
30 950 -47.22 -18.40  -6539  -71.72  -49.31 -0.84 11.11 -14.08 -10.29 -27.03 2222  -45.50
31 930 -30.56 -2539  -60.27 6430 -3441  -33.76 2593 21.13 -9.31 -32.43 11.11 -46.92
32 3100 -5.56 -9.27 -4328  -16.85  -21.28 2.69 11.11 -2.82 -6.86 22054 -11.11 -36.97
33 1100 -36.11 -15.68  -3858 6775 -41.60  -30.11 0.00 15.49 -5.88 -29.19  -37.04  -38.86
34 1440 -25.00 -34.48 0.95 -53.84 11.30 6.42 3.70 9.86 -8.82 -35.68 3.70 -45.50
35 2340 -47.22 -6.08 -32.86 2.62 3472 -22.53 741 14.08 -4.41 -14.59 11.11 -50.24
36 1740 -50.00 -11.58 2.50 427 -22.10  -58.14 3.70 -2.82 -8.82 -25.41 -7.41 -34.12

According to the results of Malakouti
(1991) researches, concentration of N,
P, K, Ca and mg of high consumption
elements were all in the normal range,
while sulfur was deficient. The concen-
trations of low-intake elements in this
study were not within the Malakouti’s
standard range. Therefore, these ele-
ments had the highest nutritional needs
among other studied elements. Among

the high-intake elements, phosphorus
was more needed than others since its
highest absorption is in acidity, 6 to 6.5
soil pH, which can be due to the calcar-
eous nature of the soil. Due to the fact
that the soil of the investigated areas is
calcareous and has a pH of 7.5, the low-
intake elements in the trees of the gar-
den under study are expected to be defi-
cient.
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According to the results obtained in this
study, low-intake elements such as cop-
per, zinc, manganese and boron have
different degrees of deficiency. As for
the calcareousness of the soils of the
studied regions, this result is confirmed
because the highest absorption of these
elements is in lower amount of pH. The
most severe deficiency among the low-
intake elements is related to the copper
element, followed by sulfur, zinc, man-
ganese, phosphorus, calcium, magnesi-
um, boron, iron, potassium and molyb-
denum, and the results obtained from
calculating the deviation index from the
optimum percentage and the balance
index clearly confirmed this. Among
the nutrients, molybdenum has the low-
est amount in low-yielding gardens, and
this is evident, because the deficiency of
these elements unlike other micro ele-
ments occurs at high pH and the pH of
the soils under the study are in alkaline
range. Another reason for the shortage
of micro nutrients in almond trees under
the study can be sandy soils. The gar-
dens have sandy soil which is light-
textured and the effect of severe leach-
ing of these soils by rainfall has led to
lack of micro nutrients. Among other
causes, micro-nutritional needs in com-
parison with macro in almond trees of
this region can be explained by the
slope of the area under study and the
higher runoff rate and the loss of micro-
nutrients in the surface soil layers (Ta-
ble 4). On the other hand, according to
the field research that was conducted in
this area, it was determined that garden-
er in these areas use more macro ferti-
lizers than micro fertilizers, which are
also affected by the calcareous, sloping

and sandy soil texture of these gardens.
These will have a significant effect on
reduction of concentration of low-intake
nutrient elements and more nutritional
requirements of trees. By using devia-
tion from optimum percentage method,
arrangement of nutritional needs for al-
mond trees in low-yielding gardens was
copper, sulfur, zinc, manganese, phos-
phorus, calcium, magnesium, boron,
nitrogen, potassium, iron and molyb-
denum (Table 3). The results obtained
from calculation of balance index also
confirm same arrangement, as shown in
Table 5. The calculated mean values of
the balance of copper, sulfur, zinc,
manganese, phosphorus, calcium, mag-
nesium, boron, nitrogen, potassium,
iron and molybdenum were 84.61,
91.14, 92.06, 94.29, 97.78, 98.32,
102.11, 10.93, 4.103, 105.99, 106.09
and 118, respectively, indicating the
order of nutritional requirements among
studied elements would be from most
necessary to least necessary element:
Cu>S>Zn>Mn>P>Ca>Mg>B>N>K>Fe>Mo
The results obtained of this method are
in agreement with those obtained from
deviation of optimum percentage (Ta-
bles 2 and 3). The relationship between
total absolute values deviations of opti-
mum percentage and yield of almond
trees in gardens being studied are
shown in Fig. 1. As the results of the
chart show, the total absolute values of
indices of deviation from optimum per-
centage of product performance de-
creased such that correlative coefficient
between total absolute values of indices
of deviation from optimum percentage
of product performance clearly suggests
same result.
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Fig. 1. Relationship between the total of the
absolute values of the DOP indices and the

performance of the almond trees in the gar-
den under the study.

5. CONCLUSION
According to the results obtained
from the method of deviation from the

65

optimum percentage, the balance index
of the almond gardens being studied in
this research were not balanced in terms
of nutritional status. Due to less use of
micro-fertilizers and factors such as
slope of the soil, lightweight soil texture
and their calcareous content, among the
nutritional elements,
were insufficient and the nutritional
need of the trees for them become more.
Finally, the deviation of the optimum

micro-nutrients

percentage as an efficient way to deter-
mine the nutritional needs of almond
gardens can be used in these areas.

Table 4. The nutritional requirement trends of almond trees in the studied gardens with low yield

Garden Longitude Latitude Yield nutrition requirement

1 50°57'56.8" 32°29'38.5" 2000 Cu> $> Mo>Zn>P>Mg>B>Ca>Mn>K>Fe>N
2 50°58'57.6" 32°32'52.6" 3500 S>Cu>Zn>Mn>P>Fe> B>Ca>Mg>K>N>Mo
3 50°59'28.2" 32°27'51.4" 2050 $>Cu>P>Mn>Fe>Ca>Mg > Zn>K> N>B>Mo
4 50°54'1.1" 32°30'30.4" 2150 S > P>Mo>Mn>Mg>Cu>K>Ca>B> Fe>N>Zn
5 50°53'41.5" 32°30'14.6" 870 S>B>P>Mg>Cul>Mn>Ca> K>N>Fe>Zn>Mo
6 50°52'52.3" 32°30'57.9” 3700 Mg>B>Zn>Ca> S>Cu>P>Mo>K>Mn>N>Fe
7 50°52'39.2" 32°31'19.2" 3700 Cu>S>Fe>Mn>P>Mg > B>Ca>Zn>K> Mo>N
8 50°52'24.4" 32°3124.1" 1600 Mg >S>Zn>P>Ca>Mo>K>Cu>Fe>Mn>N>B
9 50°52'08.7" 32°31'48.1" 1150 $>Zn >Mg>B>Ca>P>Cu>N>Mn>K>Fe>Mo
10 50°51'52.7" 32°35'35.17 2440 Cu>S>P>Zn>Mg>Fe>N>K>Mn>Ca>BI>Mo
11 50°50'55.5" 32°37'09.9” 800 Cu>Mg>P>Zn>S>N>Ca>Mn>K>Fe>B>Mo
12 50°51'10.4" 32°31'16.5" 3750 S>Cu>Mg>Zn>Ca>P>Fe>Mn>Mo>K>B>N
14 50°50'58.1" 32°31'45.6" 2100 Cu>B >S$>Mg>Mo>Zn>K>N>Ca>Mn>P>Fe
15 50°48'00.3" 32°42"26.5" 3200 Mg>Cu>B>Zn>S>Fe>Mn>K>Ca>N>P>Mo
16 49°26'07.0" 32°40'05.7" 3800 Zn>S>P>Mn>Cu>Ca>Mo>Fe>N>B>K>Mg
18 50°52'47.5" 32°30'47.8" 2560 Mo>B >N>Ca>Fe>Mg>K>Mn>P>S>Cu>Zn
19 50°52'47.4" 32°30'47.7" 3150 N>Mo> K>Mg>Mn>Ca>B>Cu>Zn>P>Fe>S
21 50°52'12.6" 32°3120.2" 3850 Mo>Mn>Ca>N>K>Mg>B>Fe>Zn>P>Cu>S
22 50°49'41.5" 32°39'48.0" 3750 MO>N >Ca>K>Mn>Fe>Mg>B>P>Cu>Zn>S
23 50°49'41.4" 32°39'48.1" 3600 Zn>Mn>Ca>B>K>S>N>Fe>Mg>Cu>P>Mo
24 50°48'19” 32°42'34.4” 3650 N>Mo>Ca>Fe >K>B>Mn>Zn>S>Cu>P>Mg
25 50°51'34.3" 32°3037.4" 3800 Mo>B>Ca>N>Mn>K>S>Mg>P>Cu>S>Fe
29 50°55'46.2" 32°28'04.1" 1490 Fe>Cu>N>Mo>Zn>K>Mn>Ca>P>S>B >Mg
30 50°55'52.8" 32°28'07.7" 950 Mn>Fe>Cu>Mo>N>K>P>B >Mg>Ca>Zn>S
31 50°56'40.7" 32°28'08.8" 930 Mn>Fe>N>Cu>Zn>K>Mo >B>Ca>P>Mg>S
32 50°56'40.8" 32°28'08.7" 3100 Fe>N >Cu>K>Mn>P>B>Ca>Mo>Mg>Zn>S
33 50°56'57.1" 32°28'08.7" 1100 Mn>Cu>N>Fe>P>Mo>Zn>K>B>Ca>S >Mg
34 50°57'42.7" 32°30'29.3" 1440 Mn>N>K>B>Mo >Ca>Fe>S~P>Zn>Mg>Cu
35 50°57'52.4" 32°30'56.2" 2340 N>Mo>Cu>Fe>Zn>K>B>Ca>Mn>S>P>Ca
36 50°57'48.9" 32°30'05.0" 1740 Zn>Mo>N >K>Cu>B>Ca>P>Mg>Fe>S>Mn
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Table 5. The values of the calculated balance index in different gardens.

gardens Y(ll:gl)d Bmo Bg Bre By Bcu Bzn Bs Bug Bca Bk Be Bn
1 2000 75.08 102.44 146.94 125.66  66.17 79.68 70.46 91.56 108.32 13291 88.91 159.07
2 3500 172.00 109.09 94.08 81.68 64.09 66.44 63.07 119.68 118.11 136.69  85.21 141.59
3 2050 199.69 173.34 88.91 81.51 71.02 118.76  66.77 100.00  97.06 135.61 74.11 140.64
4 2150 102.77 144.73 156.92 104.91 112.85 164.71 77.84 109.84 122.03 116.73 96.30 159.07
5 870 255.08  65.59 156.97 112.68 89.10 159.07  55.69 83.13 123.01 150.18 81.51 151.98
6 3700 136.00  75.81 181.40 13894  95.59 80.72 92.61 69.07 87.27 137.77 100.00  141.11
7 3700 158.16 102.15 76.70 77.45 52.18 119.76  66.77 87.35 108.32 124.82  85.21 164.74
8 1600 108.31 147.29 136.97 137.51 112.60 71.76 66.77 43.77 92.17 108.63 85.21 142.53
9 1150 238.46  89.42 156.97 150.70 104.47 74.08 70.46 88.75 90.21 15557  96.30 140.64
10 2440 174.77 127.22 97.30 111.31 47.08 76.56 63.07 85.94 112.24 10594  70.41 100.00
11 800 354.77 191.84 172.41 13542 4847 82.44 92.61 49.39 114.69 148.02  70.41 110.87
12 3750 122.15 140.98 117.22 119.67  65.35 71.60 51.99 69.07 92.66 131.83 103.70 142.53
14 2100 91.69 68.11 129.62 11355 4349 96.36 70.46 71.88 110.28 96.76 118.49 104.73
15 3200 136.00 7293 89.40 89.83 68.94 76.32 77.84 57.82 103.43 98.92 133.28 114.18
16 3800 130.46 148.79 134.72 83.49 106.93 66.36 70.46 348.84 108.32 159.89  77.81 13591
18 2560 52.92 68.88 89.06 100.93 113.10 116.28 111.08 92.97 86.29 92.99 107.40  82.52
19 3150 83.38 95.62 123.01 89.74 109.89 114.68 125.85 88.75 94.62 85.43 122.19 80.15
21 3850 66.77 103.10 106.43 81.80 121.86 109.96 129.54 97.19 87.76 89.75 114.79 89.60
22 3750 61.23 113.94 100.52  93.91 128.41 128.84 133.24 111.25 86.29 89.21 114.79 84.88
23 3600 14154  86.46 107.39 86.05 121.92 12.61 96.31 111.25 93.15 96.22 122.19  97.16
24 3650 80.61 92.8 90.33 104.11 112.73 108.40 111.08 116.87 88.74 90.83 11479 7354
25 3800 69.54 69.61 122.72 87.65 116.32 118.12 100.00 101.41 82.38 92.99 114.79 83.46
29 1490 69.54 118.10 43.37 86.84 57.41 84.92 107.39 126.71 96.57 86.51 100.00  58.89
30 950 52.92 81.68 34.69 28.50 50.80 99.16 111.08 85.94 89.72 73.02 77.81 54.63
31 930 69.54 74.71 39.80 35.90 65.67 66.32 125.85 121.09  90.70 67.63 111.09  53.22
32 3100 94.46 90.77 56.78 83.20 78.77 102.68 111.08 97.19 93.15 79.50 88.91 63.14
33 1100 64.00 84.38 61.47 32.46 58.48 69.96 100.00 11546  94.13 70.86 63.02 61.25
34 1440 75.08 65.66 100.94  46.32 111.28 106.40 103.69 109.84  91.19 64.39 103.70  54.63
35 2340 52.92 93.94 67.18 102.61 65.35 77.52 107.39 114.06  95.59 85.43 111.09 4991
36 1740 50.15 88.47 102.50 104.25 77.95 42.01 103.69 97.19 91.19 74.64 92.60 65.98
Mean 120.00 103.51 106.83 94.24 80.56 93.06 88.65 100.89  99.31 107.53 95.34 105.44
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